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INTRODUCTION

This report was prepared to assist scientists and engineers in
using the interactive graphics statistical data analysis camputer
program package.

The package was written to: analyze data visually via relative
frequency histogram(s) and/or superimposed probability density
function(s), test the hypothesis that the data is fram one of six well
known continuous statistical distributions, estimate density function
parameter (s) by method of maximum likelihood or method of moments, and
perform chi-square and/or Kolmogorov-Smirnov one-sample goodness of fit
test(s).

The program provides the user with six major options and several
other options which are contained within the major options. The options
are flexible and easy to use. The user selects:

1. The number of histogram intervals,

2. User or camputer scaling of histogram,

3. Statistical program control,

4. Which statistical distribution to fit to the data,

5. Whether the user inputs the distribution parameters or the
canputer estimates the parameters,

6. Whether or not to perform goodness-of-fit test(s).

A seperate interactive FORTRAN data file creation program which
reformats the data to be used as input to the interactive graphics
package is also described in this report. This program was written for
use on CDC 74/825/6600 camputers under the NOS/BE operating system.

No prior camputer experience is necessary to run either program.
Details of both camputer programs will be discussed in their respective
write up and examples of each program are provided.

Any comments {~r improvements or corrections to these programs,
requests for source code listings, or requests for additional
statistical distributions to be added should be directed to Commander,
USA Armament Research and Development Command, Requirements and Analysis
Office, Cost Analysis Division (DRCAR-RAC), Dover, NJ 07801.
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DATA FILE CREATION PROGRAM

This interactive computer program prampts the user to enter
various input data, reformats the data, and writes it on a camputer
file. After terminating the program, the user stores the data file into
the camputer to be used by the interactive graphics statistical data
analysis package. Since inputting large data files can be time
consuming, no graphics capability is necessary to create data files, and
there are fewer Tekronix 4014 graphics terminals than non—graphical
electronic data terminals, the data file creation program was not
included as part of the graphics statistical package.

You will need a valid user name and password to use any of the
camputer facilities. Contact the Management Information Systems
Directorate (MISD) X4714 for further instructions on how to get a user
name and password.

Plug in and turn on the terminal. If you terminal requires use
of a telephone, contact a member of MISD, Techniques Division for a list
of current ARRADCOM computer telephone numbers. Dial one of the
numbers, listen for a high pitch tone, then place phone in holder noting
the direction to place the mouthpiece as indicated by the directions or
picture on the terminal, to access the camputer. If the terminal has a
Gandolf modem accompanied with it, set the dial on the Gandolf modem to
55 or 75 (2400 baud rate), 54 or 74 (1200 baud rate), or 53 or 73 (300
baud rate); make sure the terminal switches are set for the appropriate
baud rate; and raise the switch to the up position to access the
camputer.

The following general instructions will help you run the program
quickly and with minimal effort:

® Remember to hit the "RETURN" key after each line entry.

® Most of the numerical program inputs are in free format,
however, when asked to input an integer value do not use a decimal point
or an error message will be written.

® Leading and trailing zeroes do not have to be entered.

® To erasel the last character typed, simultaneously press the
"OCONTROL" and "H" keys. Then retype the correct character.

1 The last character is not physically erased. The carriage moves back
one space and the user types over the previously entered character.
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® To erase2 an entire line (before you hit the carriage return)
simultaneously press the "CONTROL" and "X" keys. Retype the entire
corrected line,

® You will be asked if you wish to make any corrections at the
campletion of the input phase.

® When the camputer run is complete, it will type “OCOMMAND".

Appendix A shows the user how to: access the data file creation
program, input the data, display the data, modify the data, terminate
the program, store the data file, and get off the camputer. All user
inputs have been circled for demonstrative purposes. The user is
allowed a maximum of 30 characters for the horizontal axis label and
diagram title. The vertical axis label has a restriction of 15
characters or less,

If the user wishes to analyze more then one set of data without
having to reexecute the interactive graphics statistics package program,
two or more data sets may be placed on one data file. This can be
accamplished by reexecuting the data file creation program after
terminating the program the first time and before cataloging the data
file. The statisics package program takes a longer time to execute than
the data file creation program, thus sametimes the user may want to
store several data sets on one data file. This procedure is shown in
Appendix B.

2 The line is not physically erased off the paper, however, it is erased
fram the buffer memory.
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INTERATIVE GRAPHICS STATISTICS PACKAGE

In many fields, certain random variables are known from past
history to have a particular statistical distribution. However, often
the engineer or scientist does not know and/or falsely assumes the
distribution of a randam variable. This camputer program provides a
visual as well as numerical aid for camparing data to cammon probability
density functions. This additional information will help guide the user
to select the best statistical distribution for the given random
variable. Reference 1 is excellent for defining statistical terminology
used in this report.

The following are examples of the program's usefulness. An
engineer in a laboratory may have miss distance data fram test firings
and would like to know whether the data can be represented by a cammon
statistical distribution. In a second example, a cost analyst may wish
to develop a Cost Estimating Relationship (CER) which is an equation
that related costs of an item to one or more physical or performance
characteristics. CER's are for the most part developed through
applications of regrssion analysis. Usually in regression analysis, T-
tests and F-Tests are performed which require the assumption that the
residuals follow a normal distribution. Using the statistics package
program can help determine whether the normality assumption is
satisfied. An outstanding text on regression analysis is reference 2.

After using the data file creation program and cataloging the
data file, the interactive graphics statistics package can be used. The
package was written to: analyze data visually by drawing relative
frequency histogram(s) and/or superimpose probability density functions
on the histogram(s), test the hypothesis that the data is fram one of
six cammon continuous statistical distributions via chi-square and/or
Kolamogorov-Smirnov one-sample goodness of fit test(s), and estimate
desnity function parameters using the data by the method of maximum
likelihood or the method of moments,

The following general instructions may help you run the program
quickly with minimal effort:

® A bell will prampt the user each time user action is
required.

® When asked to input numerical values, hit the "RETURN" key
after the entry to continue execution of the program.

® When asked to select an option with the cursor, hit the blank
key or any character key after selecting an option with the horizontal
cursor to continue execution of the program.

® Each time an option is selected with the cursor, an arrow
appears pointing to the selection.
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® All of the numerical program inputs are in free format.
® ILeading or trailing zeroces do not have to be entered.

@ To erasel the last character typed, simultaneously press the
"CONTROL" and "H" keys. Then retype the correct character.

v ® To erase2 an entire line (before you hit the carriage return)
simultaneously press the "CONTROL" and "X" keys. Retype the entire
corrected line.

® If a Hard Copy Unit is acocampanied with the terminal, the
copy switch may be used at any time during the session to obtain
permanent high contrast copy of the terminal display image.

® If a stop error message occurs while running the program, see
table 1 to correct the error.

We will now go through a step-by-step example to see how the
program works. All features of the program will not be discussed in

this example. The remainder of the features will be commented on later
in the report.

, Figure 1 shows the user how to access the interactive graphics
5 ) statistics package program. User inputs are circled for clarity.

After typing GRSTAT and hitting the carriage return, the screen
will flash and pause several times, then figure 2, requesting the user
to input the number of intervals for the histogram, will appear on the
screen, Simply enter a number fram 2 to 80.

Next the user is asked to select with the horizontal cursor
whether or not to allow the computer to scale the X axis of the
histogram (see figure 3). Using the thumb wheel located on the right
side of the keyboard, the horizontal cursor was moved over the words
"COMPUTER SCALING FOR X AXIS" and the blank key or any other character
is hit to continue program execution.

At this point, the histogram is drawn and the statistics program
control option is displayed as in figure 4. If the user has put several
data sets on one file, as discussed in the data file creation program
section, the user may now analyze the next set of data. A second option
is to modify the current histogram. A third option is to fit one of six
well known statistical distributions to the histogram data. Finally,
the user may terminate the program. In this example, "NEW DENSITY
e FUNCTION" option was selected.

1 1bid.
2 1bid4.
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Figure 5 appears on the screen requesting the user to select
among the six statistical distributions. Information about each of the
six statistical distributions is given in table 2 and will be discussed
later on in the report. The normal distribution was selected.

Figure 6 is displayed giving the user the option of inputting the
distribution parameters. "COMPUTER ESTIMATES PARAMETERS" option was
selected. The method of maximum likelihood was used to derive all
parameter estimators with the exception of the beta distribution
parameters which were derived using the method of moments. The
estimation formulas are in table 2. Thus, using the given data, the
camputer estimates the values of mean and standard deviation for the
normal distribution by the method of maximum likelihood.

The probability density function, parameter space, parameter
values, and superimposed normal probability density function are written
on the screen. Then, the user may choose to perform a Kolmogorov-
Smirnov one-sample test or a chi-square goodness of fit test to test the
hypothesis that the data is fram, in this case, a normal distribution
(see figure 7). A chi-square test can not be performed with less than
10 data points, since this will cause the number of degrees of freedom
in the chi-square camparison to be less than one. Also, if one
parameter is estimated, 15 data points are needed and if two parameters
are estimated, 20 data points are needed, otherwise, the number of
degrees of freedam will be less than one. In this example, the chi-
square goodness of fit test was selected. One speaks of "goodness of
fit" when one tries to campare an observed frequency distribution with
the values of a theoretical distribution. If the "COMPUTER ESTIMATES
PARAMETERS" option was selected, the user is asked to enter the
theoretical distribution parameters for the continuous distribution
previously selected. In most cases, the user will want to enter the
values used to compute the probability density function superimposed on
the histogram; i.e., those values printed in the lower left hand corner
of the screen (see figure 8). If the "USER INPUTS PARAMETERS" option
was selected, the camputer uses the inputed values as the theoretical
distribution parameters.

The camputer calculates and prints the chi-square test result in
figure 9. The value printed is the probability of the chi-square table
value exceeding the camputed chi-square statistic, if the null
hypothesis of equality of the actual distribution of the observed data
and the selected continuous distribution is true (against the
alternative of inequality of the distributions); i.e., the value printed
is the probability of accepting the null hypothesis that the data is
fram the selected distribution (against the alterntive that the data is
fram some other distribution), if the data is fram the selected
distribution. Since the value 0.5918 exceeds typical significance
levels (0.01, 0.05, etc.), one usually would accept the null hypothesis
that the data is normally distributed. The interpretation of
Kolmogorov-Smirnov test results are discussed on page 7 of the report.
More information about both tests may be obtained in reference 3.

6
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After the chi-square test result is displayed, the user is once
again asked to select among a Kolamogorov-Smirnov test, chi-square test,
or not to perform any test. If "NO TEST" is selected, an arrow is
pointed to "NO TEST" and the user is returned to the statistics program
control option (see figure 10). After selecting "TERMINATE THE PROGRAM"
and typing "LOGOUT", figure 11 is displayed.

A few of the options previously mentioned will now be discussed
in more detail.

The user scaling of histogram option allows the user to adjust
the scaling to his or her needs or liking. When used in conjuction with
the number of intervals for histogram option, the user can get a
histogram with even increments for report purposes, which is sametimes
not obtained using the computer scaling option. For example, this
feature can be used to make certain Weibull, Rayleigh, and exponentially
distributed data have a minimum histogram scale value of zero. After
selecting this option, the user is asked to enter the lower (minimal
value -0.001) and upper (maximum value 105) limits of the histogram as
can be seen in figure 12.

The user inputted distribution parameters option becomes useful
for those distributions that have a critical value of a parameter which
may produce a sharp change in the shape of the curve around that
particular parameter value. After selecting this option, the user is
requested to enter values for each parameter of the continueous
distribution selected. This can be seen in the lower left hand corner
of figure 13.

The Kolmogorov-Smirnov one-sample test option, like the chi-
square goodness of fit test option, helps the user determine whether the
sample data fits the theoretical distribution previously selected. The
Kolamogorov-Smirnov (K-S) one-sample test is generally more efficient
than the chi-square test for goodness of fit for small samples, and it
can be used for very small samples where the chi-square test does not
apply. The K-S test is a nonparametric test for differences between
cumulative distributions. This test concerns the agreement between an
observed cumulative distribution of sample values and a specified
continuous distribution function; thus, it is a test of goodness of fit.
The program's method of calculations for the K-S test option is
different depending upon whether the number of data points is < 80
or >80. More accurate test results are computed and the test result
is interpreted simular to the chi-square test result when the number of
data points is > 80. The value printed is the probability of the table
value exceeding the ocamputed test statistic, when the null hypothesis of
equality of the actual distribution of the observed data and the
selected continuous distribution is true (against the alternative of
inequality of the distributions); i.e., the value printed is the
probability of accepting the null hypothesis that the data is fram the




hi .

selected distribution (against the alternative that the data is from
some other distribution), when the data is fram the selected
distribution. A printed value of 0.9996 exceeds typical significance
levels (0.01, 0.05, etc.), thus one normally would accept the null
hypothesis that the data is fram the selected distribution. If the
number of data points is =< 80, the user is asked to enter a K-S
significance level (which must be .20, .15, .10, .05, or .0l) to be used
by the program to look up critical values for the K-S one-sample
statistic. The null hypothesis of equality of the distributions
(against a two-sided altnerative) will be rejected at the level of
significance «C , if the test statistic exceeds the 1-«Z quantile of the
K-S table. The computer will print out the test result, either
accepting or rejecting the null hypothesis at the significance level
selected by the user (see figure 14). Thus, the null hypothesis that
the DIVAD miss distance data is normally distributed, is accepted at
level 0.20. The user should attempt to get the test accepted at the
highest level possible.

Each of the six cammon statistical distributions will now be
cammented on in more detail. A summary of the six parametric families
of distributions can be found in table 2.

The uniform distribution gets its name fram the fact that its
density is uniform, or constant, over the interval (a,b). It is also
called the rectangular distribution - the shape of the density function
is rectangular. When one speaks of a randam number from an interval
(0,11, one is thinking of the value of a uniformly distributed random
variable over the interval (0,1]. The general shape of the distribution
can be seen in figure 15. Many times the endpoints of the density
function lie within histogram cells; however, the smallest and largest
points in each of these cells are within the minimum and maximum points
of the density function. The user may input distribution parameters
which caused the endpoints of the density function to go off the
histogram scale. This may be corrected by using the user scaling of
histogram option.

A great many of the techniques used in applied statistics are
based upon the normal distribution. It is also the limiting form of
many probability distributions. "Grading on the bell shaped curve" is a
classic example of using the normal distribution. Many times engineers
and scientists falsely assume a randam variable to be normally
distributed. This program can aid technical people to decide whether
their data is normally distributed. The general shape of the normal
density can be seen in figure 16. Sametime the user may wish to display
the asymtotic portions of this distribution on the histogram drawing.
This can be accomplished by utilizing the user scaling of histogram
option. Since the histogram is drawn before the distribution is
superimposed, it is possible that the normal density may extend off the
graph in the vertical direction and consequently cannot be plotted on
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the graph using the number of intervals chosen. When this occurs, the
user is given the option of redefining the number of intervals or
allowing the camputer to rescale the graph.

The family of beta densities is a two-parameter family of
densities that is positive on the interval (0,1) and can assume quite a
variety of different shapes (see figure 17). Consequently, the beta
distribution can be used to model an experiment for which one of the
shapes is appropriate. An example of using the beta distribution arises
in estimating the probability p, known as reliability that a missile
will successfully fulfill a given mission. The initial information
(before testing) concerning reliability based upon past experience,
camponent data, engineering judgement, etc., might lead one to select a
particular member of the beta family as the best a priori description of
reliability. Information fram actual missions is then added to the a
priori model to obtain a revised “"posterior" distribution, which is also
a beta distribution, but with revised parameters. The number of
intervals for histogram option and the user scaling of histogram option
allow the user to get even increments beginning at zero and ending at
one. Inputting negative parameter values when using the user inputs
parameters option will cause the program to terminate, since the
parameter space for the beta distribution is positive.

The Weibull distribution has been successfully used in
reliability theory. The time-to-failure of many electronic and metal
camponents have Weibull distributions. The Weibull density function
with parameter C=2 is known as the Rayleigh density function. A plot of
the Weibull density using the fictitious DIVAD miss distance data, as
seen in figure 18, may be closer to a Rayleigh distribution, since the
estimated value of the C parameter is near two. For B=1, the Weibull
density reduces to the exponential density. Negative parameter values
are not allowed when using the user inputs parameters option, since the
parameter space is positive.

The Rayleigh distribution represents radial error when the error
on two mutually perpendicular axes is normally distributed with equal
variances around zero. This might arise in bombing problems, when the
sighting errors in the X and Y directions are independent and we desire
to evaluate the distribution of distance of the impact from the target.
A second application arises in statistical communication theory. when
randam noise is detected by a linear dector the amplitude of the
envelope of noise is distributed according to the Rayleigh distribution.
Once again, the user must input a parameter value of B greater than
zero. Figure 19 contains a plot of the Rayleigh density using the
fictitious DIVAD test data.

——— i - a— . e ————"




The (negative) exponential distribution has been used as a model
for lifetimes of various things. If the lifetime of a camponent has an
exponential distribution, the conditional probability that the camponent
will last A+B time units given that it has lasted A time units is the
same as its initial probability of lasting B time units. Another way of
saying this is to say that an "old" functioning component has the same
lifetime distribution as a "new" functioning camponent or that the
camponent is not subject to fatigue or to wear. It can be shown that in
connection with Poisson process the waiting time between successive
arrivals (successes) have exponential distributions. It has been shown
theoretically that this distribution provides a reasonable model for
systems designed with a limited degree of redundancy and made up of many
camponents none of which has a high probability of failure, especially
when low camponent faijlure rates are maintained by periodic inspection
and replacement, or in situations where failure is a function of outside
phenamena rather than the amount of previous stress. On the other hand,
the exponential distribution often can not represent individual
camponent life (because of "infant mortalities" and wear-out patterns),
and it is sametimes questionable even as a systems model. Positive
values for the parameter B must be inputted. A plot of an exponential
density can be seen in figqure 20.

A good method to use when the user has no idea which density the
data may come fram, is to fit each possible statistics package program
distribution with the computer estimates parameter option and both
goodness of fit tests. Then, select the best density function based on
the two tests. Figures 15, 16, 18, 19 and 20 contain histograms,
density function sketches, parameter estimates, and both chi-square and
Kolmogorov-Smirnov goodness of fit test results for each possible
statistics package program distributions that can be fit to the
fictitious DIVAD miss distance data. Looking at the five superimposed
density functions, it appears as though the normal, Weibull, and
Rayleigh distributions fit quite well. The K-S test results also favor
these three densities, since they all accept the null hypothesis at the
highest possible level (0.2). The chi~square test leads the user to
select the Rayleigh distribution because of the 0.9770 acceptance level.
Thus, it is highly likely that the ficticious DIVAD miss distance data
is fram a Rayleigh distribution with B approximately equal to 2.5 as its
parameter value.

10
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APPENDIX A

DATA FILE CREATION PROGRAM EXAMPLE
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Commander
U.S. Army Armament Research and
Development Command

ATIN: DRDAR-TSS (5)
DRDAR-RAA
DRDAR-LC
DRDAR-SC
DRDAR-MS
DRDAR-MSM
DRDAR-TS
DRDAR-QA
DRDAR-PS
DRDAR-PM
DRCPM-CW
DRCPM—ADG
DRCPM—-SMK
SARPM-PBM
DRCPM-NUC
DRDAR-AS
DRDAR—-NC
DRDAR-RAC (16)
DRCPM-TMA
DRXHE-AR

Dover, NJ 07801

Administrator

Defense Technical Information Center
ATTN: Accessions Division

Cameron Station

Alexandria, VA 22314 (12)

Director

U.S. Army Materiel Systems Analysis Activity
ATIN: DRXSY-MP

Aberdeen Proving Ground, MD 21005

Cammander

U.S. Army Armament Research and
Development Command

Weapons Systems Concepts Team

ATIN: DRDAR-ACW

APG, Edgewood Area, MD 21010
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Commander /Director

Chemical Systems Laboratory

U.S. Army Armament Research and
Development Command

ATIN: DRDAR-CLJ-L

APG, Edgewood Area, MD 21010

Director

Ballistics Research Laboratory

U.S. Army Armament Research and
Development Cammnand

ATIN: = DRDAR-TSB-S

Aberdeen Proving Ground, MD 21005

Chief

Benet Weapons Laboratory, LOWSL

U.S. Army Armament Research and
Development Cammand

ATIN: DRDAR-ICB-TL

Watervliet, NY 12189

Commander

U.S. Army Armament Materiel
Readiness Command

ATIN: DRSAR-LEP-L

Rock Island, IL 61299

Director
U.S. Army TRADOC Systems
Analysis Activity
ATIN: ATAA-SL
White Sand Missile Range, NM 88002

Cammander

U.S. Army DAROOM
ATIN: DRCCP-E
Alexandria, VA 22333

Camptroller of the Army
ATIN: DACA-CAZ-A
Pentagon Building
Washington, D.C. 20301
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